A 31-year-old woman underwent cervical laminectomy for decompression and diagnosis of syringomyelia which involved the higher cervical cord. After surgery, the patient complained of paresthesia with severe deep pain which appeared in her feet and migrated upwards in succession to her hands. At the same time, the patient suffered intense muscle spasms which started in the sternocleidomastoid and migrated down wards in succession to her legs. These attacks occurred all day, repeatedly, at intervals of 120 to 300 sec. Based on electrophysiological analysis, these attacks were considered to be due to abnormal discharges which developed in the lesion in the cervical cord, and stimulation of the pathways showing somatotopic laminations in the cord. Electrical stimulation of the median nerve at the wrist was effective against these attacks and complete remission was obtained by diphenylhydantoin administration.
Introduction
Syringomyelia is a common disease, and pathology, symptoms, diagnosis, and prognosis have been reported in detail,' but problems of motor and sensory disturbances remain to be solved.
In this case, severe paresthesia, intractable pain, and muscle spasms were noted. These symptoms appeared repeatedly, all day, for a long time. No similar case has been reported, and little is known about the mechanism of this phenomenon. Based on electrophysiologi cal examination, we inferred the origin and nature of the seizures and proceeded with rational treatment.
A possible explanation of the results is dis cussed based on somatotopic lamination of the pathways in the cord.
Case Report
The patient was a 31-year-old woman who suffered from syringomyelia in the higher cervical region.
On Jan. 5, 1979 , she first noted paresthesia and thermohypesthesia in the right foot. On Jan. 15, paresthesia and sensory dis turbances (thermoanesthesia, tactile anesthesia and analgesia) spread to cover the lower trunk and both lower extremities, and were associated with weakness in both thighs. On March 3, paresis of the left upper extremity appeared. Results of the neurological examination at the time of admission on March 19, 1979 , are shown on the left in Table 1 and Fig. 1 . These findings were considered to indicate cervical cord lesion and the following tests were performed. Plain X-ray and tomography of the cervical spine showed no destructive changes. Myelography showed no passage disturbance of contrast medium, and cerebro spinal fluid was normal. Spinal angiography showed no abnormal vascular lesions, but, electromyography (EMG) showed electrical silence at rest and poor neuromuscular units (NMU) during voluntary contraction in the four extremities. No fibrillation or fasciculation was detected. H-reflex in both lower extremities was poor.
After administration of a steroid, her motor and sensory disturbances improved temporarily and the patient was discharged. Recurrence of motor and sensory disturb ances in the four extremities, paresthesia in the nuchal region, dyspnea and disturbances in bladder and rectal functions developed two days before the second admission on May 7, 1979 . Results of the neurological examination at the time of her second admission are shown in the center of Table 1 and Fig. 1 . Bulbar palsy and paresis of the right thorax produced dyspnea. She received endo-tracheal intubation and was put on a respirator. Myelography (by puncture of the cisterna magna) with 2.5 ml of water soluble contrast medium showed slight enlargement of the spinal cord at C-l, 2, but no obstruction was found. A spinal CT-scan (GE CT/T) showed low density areas with irregular shapes in the center of the cord at slices C-2 ( Fig. 2 ), 3 and 4, but the exact extension of the lesion was not clear. These lesions appeared to involve the central gray and both posterior columns at the level of C-2 ( Fig. 2) , and the central gray and anterior column at the level of C-4. No extra or intra-medullary mass was visualized. A diagnosis of syringomyelia in the cervical region was made.
On May 11, 1979 , laminectomy (C-1 to C-5) was performed. The spinal cord seemed to be intact on inspection and a slight fluctuation could be felt by palpation. The C-3, 4 and 5 dentate ligaments were divided and the dura mater was left opened. Five days after the operation, bulbar palsy improved, movement of the right thorax became possible, and extuba tion was performed. However, from the 6th postoperative day, a cerebro spinal fluid leak from the wound on the back occurred as a complication and was followed by meningitis. The patient was treated by intrathecal adminis tration of antibiotics and a ventriculo-peritoneal shunt was performed. Temporary bulbar palsy and hallucinations were observed. Motor disturbances progressed to tetraparesis as shown on the right in Table 1 .
Improvement of sensory disturbances and slight voluntary movements of the left upper and both lower extremities were observed. However, since that time, the patient began to feel paresthesia with severe deep pain which began in her feet and spread upwards to her hands through the thighs, trunk, chest and arms successively. At the same time, she suffered intense muscle spasms which began in the sternocleidomastoid and spread down wards to her legs through the shoulders, arm, chest, abdomen and thighs. These attacks occurred all day, repeatedly, at intervals of 120 to 300 sec ( Fig. 3) , and persisted for about three months until treatment. These attacks always occurred on both sides and were stronger on the right side.
For further evaluation of the attacks, EEG and EMG were studied. The EEG at rest was normal, but the EEG during an attack could not be evaluated because of artifacts due to violent muscle spasms. The EMG was recorded from the sternocleidomastoid, trapezius, deltoid, pectoralis major, quadriceps femoris and soleus on the right side simultaneously. The EMG showed that the muscle spasms started in the sternocleidomastoid and then spread downwards to the shoulders, chest, arms, abdomen, thighs and legs in sequence (Fig.  4A) . The order of the muscle spasms was in striking contrast to that of paresthesia and deep pain which spread upwards. Intervals between spasms of the sternocleidomastoid muscle and spasms of other muscles were as follows ( Fig. 4B ): pectoralis major (5 sec), rectus abdominis (7 sec) and soleus (10 sec). after beginning electrical stimula tion of the median nerve (center), the interval was often prolonged and ranged from 320 to 430 sec. with some pain relief. From August 10, 1979 , electrical stimulation of the right median nerve at the wrist through cutaneous electrodes was tried for three days to relieve the attacks. Electrical stimulation was given by a pulse wave of 50 V amplitude and 3 msec duration at a frequency (interval) of 1 HZ/sec. Fig. 5 shows the interval between spasms of the sternocleidomastoid (the period between the initiation of one spasm to the next was measured).
In the control period, the interval ranged from 120 to 300 sec and a regular fluctuation was seen. After the start of stimulation of the median nerve in the right wrist, the interval was often prolonged in the ranged of 320 to 420 sec and was sometimes within the control values. During these periods, the patient felt remission of the intractable pain even if the attacks occurred, but after 70 minutes had passed from the beginning of the stimulation, the interval shortened to about 160 sec and was repeated more regularly than in the control period. After the stimulation was over, the interval remained shorter for some time.
The EMG recorded from the right soleus did not shown any H-reflex (Fig. 6 ) by electrical stimulation of the tibial nerve at rest, but during attacks, the H-reflex was slightly provoked (arrow in Fig. 6 ). On the other hand, the EMG recorded from the right thenar muscle showed a marked H-reflex by stimulation of the median nerve at rest and during attacks. The frequency depression curve of the H-reflex did not show a normal decrement.
Since the attacks were considered to be due to abnormal discharge in the cord, administra tion of 250 mg per day diphenylhydantoin, was started on August 10, 1979. On the third day of medication, complete remission from the attacks was observed. 
Discussion
This case was not common and no congenital anormaly was present. Motor disturbances started first in the lower extremities and extended to the left upper extremity. During the course of the case, there was a slight remis sion twice, during the first admission and in the period immediately after the operation, but severe tetraparesis finally developed and only slight elevation of the left arm was possible (Table 1) .
Thermo-anesthesia of the right foot was the first symptom the patient felt. A diagnosis of syringomyelia was made from a neurological examination and CT-scan at the time of the second admission. Myelograms and operative findings did not give any clue regarding the diagnosis. The distribution of sensory dis turbances was not typical of syringomyelia and both superficial and deep sensibilities were involved in the early stage. Dissociation of sensory disturbances was not apparent, and intermingled areas of disturbed superficial and deep sensation were observed with or without the dissociation. After the operation, dissociation was shown only in both lower legs. The remission of the sensory disturbances also occurred twice and finally improved sig nificantly. There were differences of distribution between analgesia and thermo-anesthesia, or between tactile anesthesia and pallanesthesia. These findings have been described by others in detail.' •6) Magee and Schneider reported a case of cervical syringomyelia in which all sensory modalities were spared except for the perception of deep pain, and noted that a lamination might also exist for deep pain fibers, similar to the superficial pain and temperature fibers, with cervical representation in the tract ventral and nearer the anterior horn cells.') This patient felt an upward spread of intractable deep pain together with simulta neous paresthesia. Concerning deep sensations, the patient showed pallanesthesia, but the positional sense was well preserved. Netsky reported loss of vibratory sensation with intact positional sense which was seen in six out of eight cases of syringomyelia early in their course, and suggested that pallesthetic fibers might not be situated in the posterior columns, but might lie in the middle of the lateral columns. ' 1) Continuous pain due to syringomyelia has been reported and surgical treatment (cordotomy or stereotaxic thalamotomy) may be performed but these operations were considered to be ineffective.' In this case, the attacks were considered to be caused by abnormal discharges in the cervical cord and their spreading outward. The reasons are as follows:
1) The findings of upward migration of paresthesia and deep pain, and downward migration of muscle spasms might be associated with the somatotopic lamination of the ascend ing and descending pathways. If abnormal discharges occurred in the center of the spinal cord and spread outward, the posterior column would be affected from the medial side, i.e., from the lower extremities to the upper trunk and neck, and stimulation of the pyramidal tract from the inside would develop into a downward migration of muscle spasms.
2) Input of electrical stimuli from the peripheral nerve had a significant influence on the interval of attacks.
3) Administration of diphenylhydantoin caused complete remission of the attacks, and recurrence of the attacks was directly related to suspension of the medication. Shortly after initiation of diphenylhydantoin administration, the patient felt some change in the mode of the attacks temporarily, and then the attacks migrated from the right upper extremity to the left upper extremity instead of the upward migration.
A syrinx cavity was also suggested in the lumbar area from the neurological findings that the symptoms had started in the lower extremities and deep tendon reflexes were absent, but the syrinx cavity or other pathologi cal findings could not be visualized clearly by CT in the lumbar region. Chandler and Johnson reported a case of syringomyelia of the conus medullaris and stated several princi ples for the correction of preoperative diagnosis in patients with conus medullaris lesions. 2) There has been disagreement regarding the changes in the electrospinogram following spinal cord transsection. However, spinal cord trauma is reported to increase the electro spinogram. It is postulated that when spinal cord trauma isolates the caudal part of the cord, the descending inhibitory influences on the electrospinogram and the spinal evoked potential are released, and the potentials are augmented.") In complete transverse lesions of the cord, the return of reflex activity is accompanied by the development of reflex spasms of the paralyzed limbs. These spasms, of a flexor or extensor nature and involving many or all of the paralyzed muscles, may be evoked by variety of stimuli to the anesthetic area. They are the result of heightened sensi tivity of the isolated segment of the cord which is released from the control of higher centers9) but the presence of the spinal discharge in the reflex spasm requires further study.
There are some points of similarity between the attacks in our case, and tabetic lightning pains,') the flashing pain syndrome after disk surgery,') tic douloureux, and Lhermitte's sign. These are as follows:
1) The pains recurred at intervals of a few minutes and were followed by a brief refractory period which depended on the duration and intensity of the pain.
2) Treatment with carbamazepine or diphenylhydantoin resulted in the disappear ance of the pains within 24 to 72 hours.
3) Attempts to decrease the dosage or to stop the treatment invariably caused within a few days a marked exacerbation of the pains which disappeared when medication was reinstituted.
However, there were also a few points of difference as follows:
1) The pains were usually paroxysmal, brief and intense. The pains lasted only a few seconds and were fleeting (in this case, 120 to 300 seconds).
2) The pains often radiated down the lower extremity (in this case, upward migration).
3) Sometimes there were critical areas which provoked the pains (in this case, no trigger zone was shown and the attacks could not be elicited by any stimuli).
These are important points which differenti ate the attacks in this case from other types of pain, and the attacks may be a varied modality of paroxysms due to abnormal discharge in the cord. Although the pathology and pathophysiology of these pains have not yet been clearly described, the tic douloureux has been studied in detail. It has been suggested that the attacks of facial pain in trigeminal neuralgia are due to a paroxysmal discharge in the descending nucleus of the nerve. The discharge is presumed to be related to an excessive inflow of impulses to the nucleus.') Treatment with carbamazepine is reported to depress the synaptic transmission of trigeminal pain impulses.') On the other hand, it is reported that diphenylhydantoin causes a moderate but consistent depression of the stimulus evoked responses of potassium ac tivity, electrical potential, and oxidative enzyme in the spinal cord .8) However, the possible role of diphenylhydantoin in inhibiting the abnor mal discharge in the cord in this case cannot be directly ascertained from the present study.
